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ABSTRACT 
 
 
For our study of Microfluidic Detection of Biogenic Amines, we have designed a microfluidic 
device to separate and detect different biogenic amine concentrations using amperometric detection. The 
goal of this project is to identify and quantify biogenic amines form the neural fluid extracted from the 
pericardial cavity of the Jonah crabs (Cancer Borealis). The device that we designed utilizes 
polydimethylsiloxane (commonly known as PDMS) along with a carbon paste electrode and a palladium 
decoupler.  Using capillary electrophoresis (CE) along with amperometric detection, we aim to separate 
biogenic amines and detect them with amperometric detection.     
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Chapter 1: Introduction 
1.1 Background  
 
Our senior design project entails creating a microfluidic device that could be used as a detection 
mechanism for dopamine. A shortage of dopamine in the body has been shown to result in certain 
neurodegenerative diseases. The purpose of this project is to develop a mechanism that could detect 
dopamine levels in real time.1 The design of the device consists of two pieces of PDMS. One piece has a 
single long channel that is about 150 nm in depth. At both ends on the channel are wells that function as 
inlets and outlets for buffer and waste. On one side of the device, the inlet,  the additional separate 
channels are adjoined to either side of the single long channel.  
 
These channels are much shorter in length, run perpendicular to the original channel, contain wells at the 
end of the channel, and still have the same depth of 150 nm. The opposite side will just contain the single 
outlet. The second piece of PDMS contains the carbon nanotube electrode and the decoupler. These two 
pieces are bonded together with the electrode/decoupler system bonded to the side of the single outlet 
channel. Pipette tips will be inserted into the wells to serve as reservoirs for the buffer, sample. and waste.  
 
Customers of our project are generally limited to those in research fields. Our product is intended to 
eventually be used as a diagnostic tool or for a preliminary diagnosis of a neurological disorder. For the 
purpose of this project, we are interested in the foundational research that could eventually lead to such a 
tool. Therefore, research labs and hospitals would use our product as a low cost alternative that can 
determine whether or not the biogenic amines in a subject’s neural fluid are at the correct concentrations. 
Research laboratories could use this to test mice or other animals that they have bred to study 
neurological disorders or in a hospital for a quick preliminary test before anything conclusive has been 
diagnosed. 
 
One of the ways in which we will conduct engineering analysis is using cyclic voltammetry to ensure that 
our carbon nanotube electrodes are functional. To do so, we will place a sample of dopamine to observe 
any results of detection. The scientific method will be used to ensure proper analysis. If failures to detect 
dopamine occur, the device will reanalyzed for areas of improvement. We will also be using 
                                                
1 Martorana, Alessandro, and Giacomo Koch. “‘Is Dopamine Involved in Alzheimer’s Disease?’” Frontiers in Aging Neuroscience 6 (2014): 
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electrophoresis and amperometric detection as testing mechanisms for the purposes of this prospect. We 
will go into further detail regarding these topics later in this paper. 
 
One of the tests we can use for a quantitative test is using fluorescent dye. The dye allows us to witness 
the sample flowing down the channel using our voltage supply. The dye enters a single well, but 
manipulating voltage, we can make the dye enter other channels without mixing into the rest of the 
device. Afterwards, the dye can be moved down the singular long channel by switching the voltages. We 
can view all of this under a fluorescent microscope.  
 
Ultimately, the ability to be able to potentially detect dopamine in real time with sensitivity and 
specificity could prove to be a highly valuable tool. This project intends to initiate the research into such a 
tool and establish the steps for future project groups. 
 
1.2 Review of Field Literature 
 
Yu, Huan, Xiaoyu Xu, Jinying Sun, and Tianyan You. "Recent Progress for Capillary 
Electrophoresis with Electrochemical Detection." Central European Journal of Chemistry 
10.3 (2012): 639-51. Web. 13 Oct. 2015. 
 
This paper gives an overview of the new types of technology from 2008-2011 that are entering 
the field of Electrochemical detection. We intend to use this paper as a reference to incorporate 
some of the ideas that have been widely developed into our own project. We want to ensure that 
we are building off previous projects and analyzing how we can either improve or use 
information they have found in conjunction with our project. This article allows us to obtain a 
better understanding of the different methods by which we can pursue our own project with some 
of the most recent technologies of the world. Essentially, we look to improve the detection and 
application of the current electrochemical detection devices.  
 
García, Carlos D., and Charles S. Henry. "Direct Determination of Carbohydrates, Amino 
Acids, and Antibiotics by Microchip Electrophoresis with Pulsed Amperometric 
Detection." Analytical Chemistry Anal. Chem. 75.18 (2003): 4778-783. Web. 20 Oct. 2015. 
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This paper described the process of pulsed amperometric detection (PAD) and the methods that 
are involved in order to separate substances (specifically amino acids). First, the paper goes into 
detail about why polydimethylsiloxane (PDMS) is used in the channels. Essentially PDMS 
creates a square flow through the channels, rather than the normal parabolic shape. This is due to 
the PDMS’ negative charge. It attracts the positive charges and pushes the molecule of interest 
through making the flow even. In doing so, it allows the test to be more accurate in terms of 
which amine passes through the electrode first.  
 
This article also tests for the ideal voltages to apply to each channel to get the best 
electrochemical detection. We will use these values as a place to start when testing our devices, 
and will see which voltages give the best detection through our own testing. This paper also 
described which type of wire would be best fitted for pulsed amperometric detection. Overall, 
this paper gives us a good starting point on how to use pulsed amperometric detection to separate 
substances.  
 
Sameenoi, Yupaporn, Meghan M. Mensack, Kanokporn Boonsong, Rebecca Ewing, 
Wijitar Dungchai, Orawan Chailapakul, Donald M. Cropek, and Charles S. Henry. 
"Poly(dimethylsiloxane) Cross-linked Carbon Paste Electrodes for Microfluidic 
Electrochemical Sensing." The Analyst Analyst 136.15 (2011): 3177. Web. 17 Oct. 2015. 
 
This paper looks into the importance of what type of electrodes are used in microfluidic 
electrochemical sensing. We are using the carbon paste electrodes (CPE) due to their low cost, 
and being able to mold to the channels in PDMS scaffolds. The carbon paste is composed of 
mainly graphite with a small portion of carbon nanotubes mixed inside. By cross linking the CPE 
with PDMS, there was a decrease in sensitivity which ultimately leads to an improved electrode 
performance with PDMS binding. This was very important to our project, because before CPEs 
the cost was significantly more and durability of other electrodes in PDMS seemed to interfere 
with the performance.   
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1.3 Statement of Project Objectives 
 
The objective of this senior design project is to create a micro-fluidic device out of 
polydimethylsiloxane (PDMS) that contains a carbon nanotube electrode and a decoupler that 
could detect dopamine in real time with sensitivity and specificity. This device will be used to 
detect biogenic amines by separating them according to their size and charge using different 
voltages that direct the flow of the fluid and amines. Doing this, we will be able to identify which 
amines are present in a sample using our electrodes, allowing us to determine whether or not 
neuronal imbalances may be occurring in a subject.  
 
1.4 Market Status 
 
A shortage of dopamine has been shown to result in certain neurodegenerative diseases such as 
Alzheimer's or Parkinson's. Millions of people suffer from these neurodegenerative diseases and 
there is a significant market for the ability to detect these diseases before it is too late. Plenty of 
research and money has been focused on developing a cure for these diseases but just as 
important is the ability to detect these diseases.2 
  
For the purposes of our senior design project, our device is  not designed to be commercially 
available to customers at this point in the project. We are focusing on an apparatus that will assist 
in research in universities and hospitals. The device itself is made from fairly low cost materials 
and only costs about fifteen dollars to make, excluding the necessary equipment needed to 
assemble the device. Our project is not ready for commercial use but is headed in the right 
direction in terms of keeping the overall costs low. 
 
While it is possible to reuse our device, it is highly recommended not to in order to ensure 
correct results. There are currently no other devices like ours on the market and the machines 
that reproduce the same effect we do go for thousands of dollars. 
 
                                                
2 "Latest Alzheimer's Facts and Figures." Latest Facts & Figures Report., 17 Sept. 2013. Web. 06 June 2016. 
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1.5 Customer Needs 
 
The focus for our project in terms of a long term development is the ability to have real time 
detection. There are products on the market that have the ability to detect dopamine but are 
unable to do it in real time. Real time could prove to be highly valuable especially considering 
the way the market and industry has been shaping the last 5 years.  
 
Two other components are specificity and sensitivity. We want to be able to detect varying 
concentrations of dopamine especially low concentrations. Specificity describes the ability to be 
able to detect between different compounds such as dopamine and octopamine. Factoring in 
these three components, we can see that the focus from a customer needs standpoint are real 
time, sensitivity, and specificity.  
 
1.6 Performance Requirements 
 
Since we are taking this project from a very early stage research project, we do not necessarily 
have any predefined requirements but we are definitely focused on being able to incorporate our 
three customer needs which are real time, sensitivity, and specificity. 
 
1.7 Project Scope 
 
Within the scope of this project, we are not going to be able to set out a goal of being able to 
detect dopamine for clinical purposes. We want to be able to separate and detect dopamine on a 
microfluidic chip using electrophoresis and amperometric detection. We want to be able to 
establish foundational research that could then be used by future groups to pursue samples of 
dopamine from crab samples and use MEKC as a testing mechanism. 
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Chapter 2: Subsystems 
2.1 Device Overview 
In order to create our PDMS device we must go through an iteration of steps before we get our 
final product. Below is a brief overview of the steps it takes to create our device. Each of these 
steps will be talked about in detail in the following sections.  
 
 
Figure 2.1: Overview of fabrication steps for our PDMS Device 
 
2.2   Idea/Computer Design 
 
In order to make our PDMS device, we first had to create a computer blueprint to make the 
features on our device. We used a computer program called AutoCAD, which allowed us to 
make the bottom and top figures (Figure 2.1) and the features of our device. There are five main 
features that were integrated into our device: Four wells, the main channel, the channel for the 
decoupler, the channel for our electrode, and the alignment markers. Each of these features will 
be explained later in the paper.    
 
Idea Mask 
Printing 
Photolithography Soft-
Lithography  
Dr. Emre Araci, Bioe 174-Microfluidics 
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Figure 2.2: AutoCAD design for the top and bottom layers of our PDMS device 
 
2.2 Mask and Mold 
 
The next step in making our device is the mask and mold making process. The mask is a 
relatively easy step as we just sent the blueprint of our AutoCAD design to an AutoCAD Art 
services company. They then took our blueprint and printed it onto a transparency film. From 
this film we are able to utilize a process called photolithography to create the mold for our 
PDMS device.  
 
Photolithography is a process that uses a transparency film, UV light, a photoresist, a substrate, 
and developer to create our mold. First, we take our substrate and laminate on our photoresist. In 
our case, the substrate that we used was a 3” by 2” glass slide, and laminated on bluefilm 
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photoresist. After, we placed the mask on top of the substrate and the photoresist. We then 
exposed all of them with UV light for 3 seconds where the UV light was allowed through 
darkens and harden the photoresist. We then take the mask off, and place our glass slide in a 1% 
potassium carbonate solution (our developer). After about 5 minutes of agitating the solution, the 
features from the mask should be successfully transferred to the glass slide, which becomes our 
mold.   
 
Figure 2.3: A picture of a glass substrate that shows the process of photolithography.  
 
2.4  PDMS Device  
 
After the photolithography steps, we move into the actual creation of our device, or the soft 
lithography portion of fabrication. Once our mold is made, the process for making our PDMS 
device is relatively simple. In order to create PDMS we mix together PDMS and PDMS 
developer in a 10:1 ratio. To make both a top and bottom layer, we needed approximately 45g of 
PDMS-that means we used about 41g of PDMS and 4 grams of developer. Once the PDMS and 
developer were mixed thoroughly we would pour the PDMS on top of our glass slide into the 
mold.  
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Figure 2.4: Picture of our PDMS device. Our device is approximately 3 cm wide, and 7 cm in 
length.  
 
2.5  The Vacuum Dessicator 
 
Once the PDMS was poured into the mold we then placed it into the vacuum dessicator. What a 
vacuum dessicator does is removes the bubbles from our PDMS which is crucial when we are 
looking at our device under the microscope to see if it is functioning properly. We place the 
entire mold in the dessicator for approximately one hour and then transfer it to the baking oven 
for incubation. 
 
2.6 Incubation 
 
PDMS is made up of individual monomer strands which results in its viscous liquid form. This 
liquid form is unsuitable for creating devices as it cannot hold its shape. Therefore, a solution 
known as a developer is used. The developer contains a substance that crosslinks the PDMS 
which will give the PDMS a certain stiffness depending on the amount of developer. However, 
mixing in the developer does not automatically begin the crosslinking. PDMS has to then be 
incubated at 70 degrees Celsius. The stiffness of the gel afterwards depends on the amount of 
time left in the oven. For our device, after about six hours, the gel will be as stiff as it will get 
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with more additional time not having any effect on it. At this point we can now cut out the two 
separate layers and start adding the other components to our device.  
 
2.7   Decoupler Wire 
 
Through our literature research, we found that a palladium decoupler was best. Palladium was 
chosen for its excellent electrical conductivity, its relative cheapness to other decoupler 
materials, and inertness. In our device, our decoupler was used to electrically separate our 
grounding voltage from our carbon paste electrode. By placing the decoupler in front of the 
electrode, this ensured that any effects of an electric field caused by electrophoresis would have 
little to no effect. The Palladium wire is placed inside the bottom layer in a channel before the 
bonding step takes place.  
 
2.8  Carbon Paste Electrode 
 
The carbon paste electrode is the detection mechanism for the analytes once they had 
electroosmotically separated during the flow down the main channel of our device. In order to 
make our carbon paste electrode, we combined a wet portion and a dry portion of the electrode. 
The dry portion consisted of graphite powder and carbon nanotubes in a 10:1 ratio respectively. 
The wet portion consisted of mineral oil and PDMS in a 1:1 ratio. The wet and dry components 
were then mixed together also in a 1:1 ratio. We then placed the carbon paste into the channel 
adjacent to the Palladium wire. At this point we can move onto the last step of soft lithography-
bonding. 
 
2.9   Bonding 
 
Bonding is a crucial step in the integration of the device. By using a machine known as a plasma 
cleaner, we are able to attach two pieces of PDMS together. A plasma cleaner works by creating 
a pressurized environment and adding an electric field to it. This generates plasma which affects 
 11 
the electrons at the surface of the PDMS. After being affected, the two pieces of PDMS are 
attached with the affected sides against each other. This created a strong seal that firmly held the 
channels and electrodes in place while preventing leakage from the device. Plasma bonding was 
chosen because it is the strongest possible bonding method known for PDMS. 
 
 
2.10   High Voltage Sequencer 
 
The high voltage sequencer is a machine that we used that is capable of generating large amounts 
of voltage through multiple channels. We had four separate wells, each having a respective lead 
coming from the voltage sequencer which applied a voltage that influenced the direction of flow 
within the device. These voltages are essential for creating the desired flow inside of the device 
that allowed the sample flow from one channel to another channel. By manipulating these 
voltages, a phenomenon known as electro-osmotic flow is formed. Electro-osmotic flow has a 
velocity profile that is square shaped. Traditional pressure driven flow has a parabolic velocity 
profile. This means that fluid moves at different velocities depending on the location of the fluid 
(if it is at the edge or center of the parabola). Because of this, samples will flow at different 
speeds across the electrode which would detrimentally affect the specificity of the device. By 
using electro-osmotic flow, it is possible to flow the fluids at the same speed and thereby 
allowing the molecules within the sample to separate based on their individual size and charge. 
 
2.11 Technical Challenges 
 
During our project we ran into many different challenges, these included but were not limited to: 
bubbles in our device during testing, dust getting stuck inside our device, leakage from our 
device, voltage fluctuations, difficulties with fluorescent bulb, and problems developing our 
mold. Below is a table of each of the problems, and how we tried to fix them.  
 
Problem:  Proposed solution: 
Bubbles Incubation 1 hour before and checking 
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before each test if there are bubbles 
Dust Clean room techniques, as well as 
enclosed storage overnight 
Leaking Reduced baking time and use of epoxy 
glue for minor leaks 
Voltage Fluctuations Make sure none of the leads are touching 
metal and using a voltmeter to measure 
before 
Fluorescent Bulb Keep a running log of how long the bulb 
has been on, making sure to leave it on for 
at least a period of 15 minutes 
Mold Features  Creating a new mask since old mask had 
scratched features 
 
2.12   Team and Project Management 
 
For our team everybody shared the same responsibilities. Depending on what was needed on the 
day, each member of the team had a total of 6 hours of work each week. This totaled to 
approximately 24 hours per week for the entire team. Jobs included, making molds, making a 
new device, fluorescent dye testing, and cyclic voltammetry testing.  
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Chapter 3: Integration 
3.1   Fluorescent Dye Testing 
 
In order to ensure functionality of the device, certain tests had to be performed for verification. 
The fluorescent dye test is a method that involves a heavy fluorescent compound of fluorescein 
isothiocyanate (FITC) and dextran. This dye is a heavy molecule that cannot diffuse through the 
channels as a result of simple flow. The dye can only be displaced by using a high voltage to 
create an electromagnetic field that induces electro-osmotic flow that propels the dye through the 
channel. By applying the appropriate voltages, the fluid in the channels can be manipulated to 
flow into specific channels, allowing the dye or any other solution to be restrained in a portion of 
the device. Using a fluorescent bulb in the microscope, the dye will be visible on a computer 
monitor. This visualization will allow us to verify that we can manipulate the dye or a different 
solution as seen fit. 
 
To being testing, the buffer solution is applied to the channels and allowed to incubate to alter 
the charge of the channels. Then the dye is loaded into well B or the loading well. Based upon 
Garcia and Henry’s paper, we loaded our dye by applied 410 volts to well A and B, -160 volts to 
well C and grounded well D using palladium electrodes and attached to the voltage sequencer. 
This would allow the dye to flow from well B to C while loaded between the two wells. After 
loading, separation was conducted by using over 1000 volt in well A, over 410 volts in well B 
and C and grounding well D. The dye in the channels between well A and D flows toward the 
electrode channel and decoupler for detection. The image below shows a replica of the channel 
design with the applied voltages. An example of the dye flowing towards the electrode channel is 
shown. After testing, buffer was flushed through the channels to prevent the dye from clogging 
the channels due to its thick and viscous nature.  
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Figure 3.1: Fluorescent Dye Test Parameters3 
 
3.2   Cyclic Voltammetry Parameters 
 
Cyclic voltammetry is a test that will be used to determine the functionality and sensitivity of the 
carbon paste electrode. This test works by sending a voltage to the sample. As the sample is 
exposed to the voltage, it either becomes oxidized or reduced. This reaction causes a resulting 
current that is then measured and plotted on a graph. It uses a three electrode system that consists 
of a working, counter, and reference electrode. The reference electrode maintains the potential 
that is being placed in the sample. The working electrode measures the reduction potential while 
the counter electrode measures the oxidation potential. Cyclic voltammetry requires that 
parameters be set using two different voltages. When the test begins, it will start at one voltage, 
slowly transition to the second voltage, and then cycle back to the first voltage.  As the voltages 
change, the amount of reaction that the sample undergoes is different depending on what voltage 
it is at. At the optimal voltage, there will be a peak in the graph that shows the greatest amount of 
                                                
3 Henry, Charles S. "Microchip Capillary Electrophoresis." Microchip Capillary Electrophoresis: Methods and Protocols (2006): 1-9. 
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reaction occurring at a specific voltage. During this time, the electrodes must stay in contact with 
a still sample. If there is flow, it may disrupt the reading given off by the machine. By 
performing this test using the carbon paste electrode, we are able to determine how sensitive the 
electrode is by using different concentrations of the sample. For our experiment, we begin and 
zero volts and set the upper limit to 1.2 volts. After it has reached that, it will cycle down to our 
lower limit which was set at -0.4 volts before going back to zero. This cycle will happen twice, 
giving us two curves that should almost be on top of each other so that we can verify our results. 
 
3.3   Amperometric Detection Parameters 
 
Amperometric detection is similar to cyclic voltammetry in that they are both types of 
electrochemical detection methods. This means that both tests require an electric field as well as 
a chemical reaction. In cyclic voltammetry, the reduction and oxidation was observed, however, 
in amperometric detection, only the oxidation will be recorded on the graph. Amperometric 
detection uses only two electrodes, a working and a counter. Unlike cyclic voltammetry, 
amperometric detection uses a single stable voltage instead of a cycle. At a certain voltage, the 
sample is oxidized and gives off a resulting current. Amperometry is used to measure and 
quantify the current. The graph for amperometric detection relies on the oxidation of a sample 
meaning that more sample equals high point on the graph. After the sample has been oxidized, it 
no longer gives off a current until eventually, there is no more current because the entire sample 
has oxidized. Unlike cyclic voltammetry, this test does not require a still sample. This means that 
the sample will be able to be measured in real time as soon as it passes across the electrodes that 
contain the electric field. To run the test, we set the voltage to be 5 volts. This means that the 
working electrode will produce an electric field that generates 5 volts into the sample of 
dopamine, which is then oxidized to produce a resulting current that it measure. The 
measurement is done on the software so there is no parameter that has to be set for the current.  
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Chapter 4: Results 
After running the cyclic voltammetry test, we obtained several graphs. In the first graph, current 
is plotted against voltage. The highest curve contains the largest concentration of dopamine used 
to test the electrode while the lowest curve shows the buffer. In between are decreasing 
concentration starting from the top going down. This graph shows us that we are able to 
consistently obtain clearly quantifiable results using a dopamine concentration above 1mM. 
Below 1mM, the electrode does not give a clear separation of the curves. 
 
 
Figure 4.1: Cyclic voltammetry curve using varying concentrations of dopamine. 
 
In figure 4.2, the dye is not properly flowing in the direction that we want it to. The dye has 
interspersed throughout the channels even though we only want it through channels B and C. 
Figure 4.3 is the result of a pressure driven flow instead of an electro-osmotic flow. The dye is 
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distinct and does not disperse through the channels. The third figure, 4.4, is using pressure driven 
flow in order to drive the dye from one end of the device towards the electrode.    
 
 
Figure 4.2 
Intersection of the microfluidic device under fluorescent light attempting electro-osmotic flow. 
  
Figure 4.3 
Pressure driven flow of fluorescent dye for the loading step. 
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Figure 4.4 
Pressure driven flow of fluorescent dye for the separation step. 
 
These two images below show the result of amperometric detection of 10mM dopamine. Figure 
4.5a contains a lot of noise, however, the general curve has been marked in orange. Each spike in 
the curve demonstrates the addition of dopamine to the electrode, causing it to peak. The 
oxidation of dopamine then slowly decreases the curve. In 4.5b, the curve is cleaner, showing 
that there was better connection between the electrodes and the sample. Only one sample of 
dopamine was added in the second run whereas two samples were added in the first run.  
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Figure 4.5 
Two amperometric detection curves using 10mM dopamine. (a)Initial graph generated during the 
first experiment (top). (b) Secondary test taken after making adjustments to the initial test 
(bottom). 
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Chapter 5: Discussion 
Looking at the cyclic voltammetry graph, Figure 4.1, we see that there is no problem detecting 
higher concentrations of dopamine. The signals demonstrate that for anything above 1mM, a 
corresponding curve can be generated. Below 1mM, the curves do not have much difference 
between them, showing that the electrode that we mixed does not have the sensitivity required to 
detect dopamine samples below 1mM. If another type of electrode was used, such as copper or 
platinum, then maybe the sensitivity could be lower. Concentrations of dopamine in the human 
body can go down to the nanomolar. Using a metal electrode would increase sensitivity, but the 
cost would consequently increase. During our testing, we rapidly go through devices so the 
smarter option would be to use something that is cheap. In addition, a metal such as copper 
would quickly oxidize making it more difficult to reuse devices if the electrode could not be used 
after a single trial. Perhaps after more testing has been done and results have been obtained, 
metal electrodes could be incorporated into a single use device that could be sold.  
  
We were unable to use electro-osmotic flow to induce movement in our device and had to resort 
to traditional pressure driven flow. Pressure driven flow does not work as well because it 
produces fluids of different speeds at different locations in the channel. This causes the 
movement of dopamine to be sporadic within the fluid. Although this does not have any 
quantifiable difference in this experiment, future experiments will not successfully work because 
of this difference in fluid speed. We plan to add other biogenic amines in addition to dopamine in 
order to recreate the environment that would be found in a sample of a living person or animal’s 
neural fluid. These amines should move according to their own electrophoretic mobility, but if 
the fluids are moving at different speeds, the mobility will be affected and cause the amines to 
cross the electrodes at time points which do not correspond to their own mobility. We were 
unable to properly perform electro-osmotic flow because the voltages used were not correct. 
After much experimentation, we had gotten results that were close to the desired but none that 
fulfilled our requirements. It could be that we were improperly incubating our device and could 
not get the negative channel charge that is required for electro-osmotic flow.  
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The first amperometric detection graph, figure 4.5a, could not be considered successful in a 
sense because it is a very difficult graph to read. The lines are very erratic and if one does not 
look closely, it is hard to determine the general shape of the graph. It does show a proof of 
concept, that we are able to initially use amperometric detection with dopamine samples. The 
second graph, 4.5b, is cleaner and shows a definite curve that gradually drops. As the dopamine 
is being oxidized, the amount of electrons that is being released will gradually decrease until all 
of the dopamine has been oxidized so this is the trend that we want to see. This test uses 10mM 
concentration of dopamine which is quite high. Typical human measurements of dopamine in 
vivo only result in the nanomolar so we are many factors off. We might have been able to 
decrease 10mM to anywhere from 2-5 mM but we were worried about the connection of the 
carbon paste electrode to the electrochemical detection station. Using silver silver chloride as a 
glue to attach the two pieces together, we did not have a stable connection as silver silver 
chloride does not adhere well to PDMS. That is what resulted in the first noisy graph. When we 
find a better method to attach the two electrodes, we might be able to increase sensitivity by a 
factor of one. Alternatively, if we substituted the carbon paste electrode with an inert metal 
electrode like platinum, we might be able to increase sensitivity even further and start working 
with samples in the micro range.  
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Chapter 6: Cost Analysis 
Researching current methods in the market for separating and detecting dopamine, we 
discovered enzyme linked immunosorbent assay (ELISA) kits from larger biotechnology and 
diagnostics laboratories. These ELISA kits work to give a quantitative determination of 
dopamine within a biological fluid and are used as the primary method to detect dopamine. The 
kit uses a 96 microtiter plate with plated with antibodies and peroxidase. Once incubated, 
biological fluid samples are plated in the wells containing the mixture. After a second incubation 
period, tetramethylbenzidine (TMB) is added to promote dopamine to bind to the antibodies. The 
microtiter plate wells will undergo a color change based on the amount of antibodies that are 
bound to dopamine. The color change is then analyzed by a spectrometer at a wavelength of 450 
nm. The concentration of dopamine will be inversely proportional to the optical density of the 
sample.  
 
The ELISA kit test produces results within 2 hours not including the time necessary for 
preparation and storage of the reagents and ranges from $400 to $900 roughly. We strived to 
produce a cost efficient, real time analysis of dopamine within a sample. Our device uses cost-
efficient methods and materials towards this. With the use of PDMS and soft lithography, our 
microchip can be rapidly made in a few days. Once the PDMS slab is plasma bonded, the device 
is ready to be used. Using a microscope, voltage sequencer and electrochemical analyzer, 
biological samples  can be loaded and separated and detect dopamine based on current. Real time 
data can be provided from the device. The materials to produce the device all cost under $15 
dollars allowing for cost to not be a hinderance for dopamine analysis.  
 
Although our device provides real time results for a cheaper price point, there are few limitations 
that our device must overcome to become a true competitor against dopamine ELISA test kits. 
Sensitivity is a major issue in terms of how well a test can detect dopamine . Current ELISA kits 
in the market today detect as low as 1 nanogram per milliliter (Garcia). Currently, our device can 
only detect as low as 150 micrograms per milliliter. The detection range difference is large in 
terms of the amount needed to detect dopamine. The sensitivity of our device is lacking and 
more research is needed to improve upon its sensitivity.  
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Our device also cannot take blood and urine samples as of yet. Its intended use was for neural 
fluid especially from crabs to separate and detect dopamine. Current ELISA kits in the market 
uptake blood, urine and in some cases biological fluids such as neural fluids. ELISA kits provide 
more versatility for researchers to monitor dopamine levels in with organisms usually rodents for 
a range of research projects. Methods to broaden the types of samples that may be used with our 
device may require separation and possible mixing with other solutions to ensure our device’s 
ability to detect dopamine. The separation would prevent false readings and peaks with our 
device.  
 
Capillary electrophoresis is the method used for transportation of the amines through the 
microfluidic channel. Using the correct voltage generated a current through the buffer creating 
electro-osmotic flow. This allows for the direction of flow to run towards the decoupler and 
carbon paste electrode for detection. As straightforward as this may appear, many issues inhibit 
the correct flow of the fluid through the channels. Bubbles and dirt particles are very destructive 
to the channel flow for it inhibits the flow of current. Not only are bubbles and foreign particles 
an issues but the voltage applied to each well must work to create a gradient to control flow. In 
certain cases, our channels became flooded due to the offset voltages and leakage due to a weak 
bond. Mundane issues such as these can truly affect the quality of our device creating problems 
providing false data for dopamine detection.  
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Chapter 7: Standards  
7.1 Ethics 
 
Within our project scope, we do not have any specific ethical concerns. However, from a large 
overview we wanted to ensure that our device is non-invasive. For this reason, future projects 
would use crab samples for extracting dopamine mainly because the neuro-fluid is located in the 
same chamber as the crab’s stomach, making it a much less invasive procedure. Overall, animal 
testing in general is an ethical issue that  
 
7.2   Economic Impact 
 
The below table shows a breakdown of how much our device costs excluding any equipments 
that were used in the process. 
 
Materials Cost (Dollars) 
PDMS - 20 Grams 1.20 
PDMS Developer - 2.0 Grams .20 
Carbon Paste .65 
Palladium Decoupler 12.85 
Total Cost 14.90 
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7.3   Health and Safety 
One of the properties of PDMS that makes it beneficial to our project is the fact that it is non-
toxic. It has no concerns from a health perspective and overall our project is very safe for anyone 
to use. Granted our device is not intended for commercial or clinical use, it is headed in the right 
direction towards being a safe product. 
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Chapter 8: Project Summary 
8.1   Future Design Projects 
 
There are several follow up projects that we have looked into. The first project is to work with 
micellar electrokinetic chromatography (MEKC). Micelles are aggregates of surfactant 
molecules that decrease the electrophoretic mobility of a sample. Some animes have similar size 
and charge, such as octopamine and dopamine, which make them difficult to separate using 
electro-osmotic flow. Our solution is to encapsulate one of these amines with micelles in order to 
decrease its electrophoretic mobility, causing it to move slower than the other and show a clear 
difference in the resulting graph when each amine crosses the electrode. 
 
Following this experiment, we want to move onto using samples from an animal model, 
in particular, a crab. A crab is ideal because the neural fluid is located inside of its main body 
cavity unlike most other animals where their head and body are separate. Using a micro-dialysis 
machine, we will be able to easily extract this fluid without having to cause a lot of harm to the 
crab. Crab neural fluids will contain all other amines that we have not tested as well as lymph 
and other biological fluids that are present. This is let us see if the our electrodes will still be able 
to use amperometric detection to identify the various amines and biological molecules. 
 
Finally, we would want to incorporate both of these experiments by applying MEKC to crab 
samples. We have mentioned that some amines are similar in size and charge so by applying 
MEKC to an animal sample, we hope to generate a curve using amperometric detection that can 
distinctly identify all of the various solutes in the sample as well as the concentration that they 
are in.  
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8.2    Conclusion 
  
We sought to create a device that was able to detect dopamine in real time with high sensitivity 
and specificity while only using small samples of dopamine. Using PDMS, carbon paste 
electrodes, and a palladium decoupler, we manufactured a device that is capable of this. 
Implementing capillary electrophoresis and electro-osmotic flow in conjunction with 
amperometric detection, we were able to quantify small concentrations of dopamine in real time. 
With our accomplishments and future goals, we have paved the way for next group that takes on 
this project and once all of the future goals have been successfully completed, a truly feasible 
device can be designed for human testing.  
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Chapter 10: Appendices 
   Appendix A: Risks and Mitigations 
 
Risks Consequences Solutions 
Voltage sequencer shock Injury or death Be careful with the sequencer 
Needle penetration Infection Be careful with needles 
NaOH safety Burn Always wear protective gear 
 
  Appendix B: Budget 
Our project is relatively low cost and we asked for $1192.07 from the School of 
Engineering for funding for our project. Essentially, all of these costs would be used for buying 
materials that would be needed for making our device. 
 
Materials Cost (dollars) 
PDMS Kits x5 216.20 
2 m Palladium Wire (.025mm diameter) 343.00 
1 m Palladium Wire (.05 diameter) 197.00 
Square Petri Dishes (300/case) 237.87 
Total  994.07 
 
  
  
  Appendix C: Material Sources 
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Item Supplier 
Voltage Sequencer LabSmith 
Palladium Decoupler Goodfellow 
Electrochemical Analyzer CH Instruments 
Photolithography Mask CAD Art Services 
Pipette Tips Fisher Scientific 
 
